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We report a new kind of experiment in which we generate a known superfluid velocity in a straight tube and directly determine the phase difference across the tube's ends using a superfluid matter wave interferometer. By so doing, we quantitatively verify the relation between the superfluid velocity and the phase gradient of the condensate macroscopic wave function. Within the systematic error of the measurement (~10%) we find The modern description of superfluidity is a melding of two conceptual frameworks 1 Our apparatus is schematically shown in Figure 1a 
Here T is the temperature and ρ , n ρ and s ρ are the total, normal and superfluid densities respectively. From Eqs. (1) and (2) 
As shown in Fig. 1a We maintain the mass current oscillation frequency J f constant (typically near 700Hz) by a feedback technique. The combined oscillation amplitude t I from two arrays exhibits interference depending on the relative phase differences 
We can combine Eqs. (3) and (4) . We have oriented our cryostat to catch just the right amount of rotation flux from the Earth in the interferometer loop so that the mass current oscillation amplitude is at maximum with zero power injected into the top tube 10 . A similar interference due to electron drift velocity has been seen in superconducting Josephson systems 15 .
The heat current that leads to a π 2 phase change across the tube can be seen from
where β(T)≡(σ /l)(ρρ s Ts /ρ n ) . Here, π
2
Q & is the distance on the horizontal axis of Fig. 2 between two adjacent maxima or minima. We display the measured π In this experiment we have also shown a method to electrically "inject" phase variations into a SHeQUID. This is a crucial element to develop a flux locked SHeQUID, analogous to techniques used for several decades in superconducting SQUIDs 17 . This important technical advance will permit the linearization of the intrinsically nonlinear interference relation underlying all interferometers.
